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Object: 


The object of this investigation was to examine the correlation 
between the static stability and control aerodynamic derivatives obtained 
from wind tunnel tests of an unpowered model of a light airplane with the 
same derivatives obtained from Plight tests of the full scale airplane. 


? 
The airplane investigated was the Cessna 140. 


Summary : 

The aerodynamic characteristics of the Cessna 140 were obtained 
from tests of an unpowered 1/10 scale model in the Princeton University 
Atmospheric Wind Tunnel. These characteristics were reduced from data ob- 
tained from the six component balance system of this tunnel during a normal 
series of test runs. The same aerodynamic characteristics were measured m 
the full scale airplane, owned by the Department of Aeronautical Engineer- 
ing, from a program of flight tests for its performance and its stability 
characteristics using methods suggested in references 2 and 3. The results 
indicate that the performance and handling qualities of light airplanes can 
be predicted from wind tunnel teats of small scale, unpowered models with 
adequate accuracy. These tests also demonstrated the effectiveness of 
steady state flight techniques to obtain many of the important stability 


and control derivatives. 


Date ‘and Place of Investigation 
This study was conducted during the period extending from January 


to June 1951 and made use of the facilities and equipment of the Aeronautical 


Engineering Department. 
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I INTRODUCTION 


The aerodynamic design development of modern aircraft usually 
proceeds in three distinct phases. These phases are: analytical treat- 
ment from a preliminary three view, wind tunnel tests of the most promis- > 
ing design, and finally flight test analysis of the full scale airplane. 

The methods for proper development from stage to stage have been carefully 
studied for high performance aircraft with a great deal of information 
available on correlating these various stages. It has been found that large 
scale-powered model tests of a particular airplane design adequately pre- 
dicts, with only a few limitations, the actual performance and handling 
qualities of the prototype airplane. For this reason all designs of high 
performance aircraft count heavily on information obtained in the wind tun- 
nel phase. 

The light airplane designer, on the contrary, usually advances 
from the analytical study phase to the final design without any recourse 
to wind tunnel model study at all, due in large measure to the expense in- 
volved in the development of models and the high cost of wind tunnel time. 
Tests of large scale, powered models are therefore practically unknown in 
the development of the light airplane. 

It was felt that a study of the accuracy with which the results 
of inexpensive wind tunnel tests of a small scale, unpowered model could 
predict the performance and flying qualities of a typical light airplane 
would be of ee interest to the light plane industry, and eventually 
point the way to considerable improvement in this class of airplane. 

The airplane used for this study was the Cessna 140, a typical 


two place personal airplane in the light category. A 1/10 scale model of 
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this airplane was constructed and tested, unpowered, in the atmospheric 

wind tunnel in the Aeronautical Engineering Department at Princeton Univer- 
sity. The results of these tests were analyzed by conventional means for 
their aerodynamic characteristics. At the same time actual flight tests of 
the Cessna 140 were conducted which yielded the same information at full 
scale. The major purpose of this study was the correlation of these results. 

Flight test information required to correlate the results dis- 
cussed above were obtained from previously conducted flight programs, Ref. 4 
through 7, as well as additional tests made by the authors to obtain aero- 
dynamic data otherwise unavailable. 

A secondary purpose of this investigation was to study the steady 
state methods of flight testing discussed in Ref. 2 and 3. These methods 
can yield many of the important aerodynamic characteristics of the airplane 
without recourse to the expensive and laborious methods, now in great favor, 


involving frequency or transient response techniques. 


4 
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E II SYMBOLS 
/ 
Two-dimensiogal slope of lift curve (per degree) ' 


Slope of the lift curve of the wing (per degree) 


Wing aspect ration 


wm 


7 


Airplane wing span (feet) 
Airplane Drag Coefficient 
Slope of the curve of drag coefficient vs. angle of attack 
Lift coefficient (per degree) 

! 
Slope of Lift Coefficient vs. Angle of Attack Curve 
Yawing moment coefficient 
Yawing moment coefficient due to aileron deflection (per degree) 
Yawing moment coefficient due to rudder deflection (per degree) 
Rolling moment coefficient 

at 
Rolling moment coefficient due to aileron deflection (per degree) 
Rolling moment coefficient due to rudder deflection (per degree) 
Yaving moment coefficient due to sideslip (per degree) 


Yawing moment coefficient due to rudder deflection (per degree) 


Yawing moment coefficient due to aileron deflection (per degree) 








PRINCETON UNIVERSITY PAGE 


a ee oe 


AERONAUTICAL ENGINEERING LABORATORY REPORT 179 


— rm ee ee ce eee re er ea 
se a ee 


Side force coefficient 

Side force coefficient due to rudder deflection (per degree) 
Side force coefficient due to sideslip (per degree) 
Pitching moment coefficient 

Pitching moment coefficient due to elevator deflection (per degree) 
Equivalent parasite drag area = Ch S 

Rolling moment (ft. lbs.) 

Airplane tail length (ft.) 

Yawing moment (ft. lbs.) 

Dynamic pressure (1b. /£t.*) 

Area (sq. ft.) 

Airplane velocity (ft./sec.) 

Gross weight (lbs.) 

Angle of attack (degrees) 

Angle of sideslip (degrees) 

Rudder Ptietion (degrees) 

Aileron deflection (degrees) 


increment of 
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Slope of rudder deflection vs. sideslip curve 
Slope of aileron deflection ves. sideslip curve 


Tail efficiency factor 
Vertical tail efficiency factor 
Angle of bank (degrees) 


Angle of yaw (degrees) 


Sign Convention 


Left rudder angle is positive 
Right aileron up is positive 
Sideslip with wind coming in from the right is positive 


Right angle of bank is positive 
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III LIST OF FIGURES AND ILLUSTRATIONS 


f: 
Coefficient of Yawing Moment versus Angle of Yaw -- wind tunnel test. 


et ae Rolling Moment versus Angle of Yaw -- wind tunnel test. 

Side Force Coefficient versus Angle of Yaw -- wind tunnel test. 

Yawing and Rolling Moment Coefficients versus Aileron Deflection ‘ 
wind tunnel test. / 

Yawing, Rolling Moment and Side Force Coefficients versus Rudder 
Deflection -- wind tunnel test. 

Angle of Bank, Aileron Deflection, Rudder Deflection versus Sideslip 
Angle -- flight test. 

Angle of Bank, Aileron and Rudder Deflection versus Sideslip Angle 
with Seve Dawn -- flight test. 

Aileron Deflection versus Sideslip Angle, with and without Applied 
Rolling Moment -- flight test. 

Rudder Deflection versus Sideslip Angle, with and without Applied 
Yawing Moment -- flight test. 

Lift Coefficient versus Angle of Attack for various elevator deflec- 
tions -- wind tunnel tests. 


Lift Coefficient versus Angle of Attack for various elevator deflec- 
aft 


tions with flaps deflected -- wind tunnel tests. 





Lift Coefficient versus Angle of Attack for the airplane -- wind 
tunnel tests. : 
Pitching Moment Coefficient versus Angle of Attack for various 
Blevator Deflections -- wind tunnel test. 
Pitching Moment Coefficient versus Lift Coefficient -- wind tunnel 


test. 
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Pitching Moment Coefficient versus Lift Coefficient with Flaps 
Deflected -- wind tunnel test. 

Determination of Neutral Points -- wind tunnel tests. 

Pitching Moment Coefficient versus Elevator Deflection for various 
Lift Coefficients -- wind tunnel test. 

Elevator Power versus Lift Coefficients -- wind tunnel and flight 
test. 

Drag Polar -- wind tunnel and flight test. 

Photograph of the Cessna 140 Model in the Wind Tunnel Test Section. 

Mictceraph of the Cessna 140 full scale Airplane as instrimented 
for flight test. 

Photograph of the Cessna 140 Airplane in flight towing drogue used to 


‘determine Rudder Power. 


op 





PAGE §& 


REPORT 179 








IV EQUIPMENT AND PROCEDURE 


A. Wind Tunnel Test Program 

The wind tunnel, located at the Princeton University Aeronautical 
Engineering Laboratory, is of the single return closed-throat type with a 
3.5 x 5 foot test section. The hydraulic pneumatic balance system measures 
lift, drag, side force, as well as pitching, rolling, and yawing moments 
relative to the wind axis of the tunnel. The model was mounted in the test 
section on two faired supports attached to the wing, in addition to a tail 
jack. The tail jack length was adjusted to vary the angle of attack of the 
model. The support system was mounted on a turntable which could be rotated 
to selected angles of yaw. Fig. 20 - a photograph showing the model mounted 
in the test section. 

The model of the Cessna 140 was to a scale of ten to one. The 
fuselage was constructed of solid balsa sections; while the wing and tail 
surfaces were of mahogany. Flap, aileron, rudder and elevator deflections 
were adjustable. The surface finish was a polished lacquer. No propeller 
was used in the tests. 

All forces and moments were rey ben relative to the wind axis of 
the tumnel at a dynamic pressure of cha: ani The test on the inverted 
model at negative angles of attack established that the flow inclination in 
the tunnel test section was insignificant; so this was neglected throughout 
the data reduction. Thus, the longitudinal data vas measured relative to 
the "stability" axes after wind tunnel wall corrections were made to drag 
and to angle of attack. 

The lateral data was converted to the "stability" axes by apply- 


ing the pertinent trigonometric function of the angle of yaw. 
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As pointed out in Ref. 12, wind tunnel test data is normally 
presented relative to the "stability" axes, although flight measurements 
and observations are made relative to the airplane body axes. Since these 
wind tunnel results were to be compared with flight test values the data 
was converted to the airplane body axes by applying trigonometric functions 
of the angle of attack. 

All pitching, yawing and rolling moments were then transferred 
from the pivot axis to the airplane center of gravity position at 27.7% 
m.a.c. on the thrust line. 

No Reynold's Number corrections were made, since maximum lift 
etiictiont and minimum drag coefficient were not needed for this investi- 


gation, and the effect of Reynold's Number on stability and control deriva- 


tives is small. 


Bp. Plight Test Program 
1. Equipment 

Although both lateral and longitudinal stability parameters were 
investigated in the wind tunnel, the authors of this report conducted flight 
tests for lateral information only because longitudinal derivatives were 
available from previous steady state flight tests of the same airplane, 
Ref. 4 through Ref. 7. All flight tests were conducted at a constant in- 
dicated airspeed of 103 mph at about 1500 ft. altitude with the airplane in 
& straight sideBlip, at different angles of sideslip. Although it would 
have been desirable to check the lateral derivatives at various airspeeds, 
friction in the yaw vane prevented slower speed tests, and the power limita- 


tions of the Cessna 140 made faster speeds impracticable. The recorded data 
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included a protractor reading of angle of bank, autosyn readings of sideslip 
angle, rudder, and aileron deflections. Tests were repeated with flaps fully 
deflected. 

In order to correctly analyze the flight test data it was necessary 
to maintain a nearly constant value of the tail efficiency factor, which is 
dependent upon thrust coefficient. This was accomplished by maintaining 
constant power settings for all test flights and losing altitude, if neces- 
sary, to hold constagt indicated airspeed. All flight tests were made just 
after sunrise because of the' calm atmospheric conditions existing at that 
time. It was found that any wind or thermal air currents tended to cause 
excessive scatter of the observed data. 

The airplane tested was the Cessna 140, NX89207, a single engine, 
high wing, two place, personal type monoplane with external bracing and 
fixed, conventional landing gear. The wing is rectangular with rounded tips. 
It has the normal configuration, single vertical tail, Freise type ailerons, 
and is equipped with trailing edge, plain flaps. The airplane is of semi- 
monocoque, all metal construction, except the wings which are fabric covered. 
All control surfaces are metal. Fig. cl is a photegragh showing the appear - 
ance of the airplane as instrumented for these flight tests. The general 
specifications and dimensions as given by drawings and reports of the manu- 


facturer are included as Appendix I. 


2. Instrumentation 

The airspeed was measured with a standard sensitive type airspeed 
indicator connected to a full swiveling pivot static head attached to a boom 
extending one chord length ahead of the leading edge of the starboard wing. 


This instrument was calibrated by means of the speed course method. 
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The yaw meter was attached to the port wing with a boom extending 
one chord length ahead of the leading edge. The yaw vane was geared to a 
24 volt, 400 cycle autosyn transmitter. The autosyn = was calibrated 
to give angle of yaw in degrees. 

The rudder and aileron deflections were measured by the same type 
of autosyn transmitters, linked to the respective control cables. The auto- 
syn followers were calibrated to give rudder and aileron deflection in de- 
grees. 

The angle of bank was measured in degrees with a propeller pro- 


rad 


tractor placed on a level section of the cabin floor. 


3. Theory of Steady State Flight Testing for lateral Derivatives 
The solution of the lateral static stability derivatives by straight 


sideslip tests is simply based on the steady state equations of lateral mo- 


tion: 
Wy = 
= 7 o =e 
(1) (b) Cte fo + Ry + Co: + Cte. &, 


When the airplane is flown along a straight flight path, by refer- 
ence to a directional gyro or distant horizon point, the rate of yaw equals 


zero (Y=0 ), and the above equations become: 
(Cy. A + C, @ + Cy, + & - © 
(2) (b) “ es rE os. ae OF , Or = 


: mony Ay on} + Cng 6, + ng -ta= 0 








and lateral controls required to maintain zero yaw rate. 





By differentiating equations (2), the lateral static stability 


‘ivatives are obtained in terms of the control derivatives, lift coeffi- 





| cient, and the slopes of the bank and control angle curves relative to the 


_ 


sideslip angle. 


2 





(2 4 

ade Gay = an a eet 

(a) Y 2 rae "Sr (Te! 
a rn Gy cd Ge 
7 - ae oy ae! ss 4 Sp (ze! 

(ce) _ On = Cy fen) + Cy d Sa) 
Or ae) Calg a! 


While flying the Cessna 140 in a steady sideslip and maintaining 
zero yaw rate, the control angles and angle of bank were recorded. This 
procedure was repeated at various angles of sideslip, flaps up and flaps 
down, to determine the ©,, | co, and curves of Fig. 6 and Fig. 7. 

The static derivatives could now be solved from equation (3) when 


the control derivatives had been determined. 


4. Adleron Control Derivatives 

The aileron control power was computed from the aileron deflec- 
tion necessary to balance an applied rolling moment. A steel bar, three 
feet long with a cross section of 2.25 sq. in., was attached to the star- 
board wing at the outboard strut attachment fittings. A light wooden bar 
of identical shape was similarly attached to the port wing. The net weight 
of 29 lbs. acting at 8,917 ft. lateral distance from the airplane centerline 
produced an applied rolling moment of 266 ft. lbs. Flights with the wing 


weight were then performed in the same manner as before. The difference 
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1.40, between test flights with and without the 


i 


in aileron angles, A &, 
applied rolling moment as shown in Fig. 8, determines the aileron power. 

For the small angles of bank required at the tested sideslip angles, 
the cos g has been assumed unity; so, the applied rolling moment coefficient 
may be derived as: 

L, = Wa-y 


= Wa.y/qsb = .0188 


©2 
~~ 
’ 


From equation (2)(b), the equilibrium in roll can be expressed as: 
(2) C¢ -O, + ee 7%, Geer . (2, -0 (with weight) 


(2) Co ee ~ Cy. + Dag “geet "o = a (without weight) 


By subtracting (2) from (2) at the same angles of sideslip (G6, = 5%): 
e fe) (= — 
G3) sm a Oy, + — A Or + Ce = O 


a 
The difference in rudder deflection, A &, , necessary to balance any adverse 


yaw caused by A 5, was not measurable. Therefore 4 ng, wae assumed equal to 





zero: me = Cp Ad rj = 
a. Ba Se ( we. O 
, (as 
Equation (3) becomes: G re SS ha = -0013 
“Sa a de. 


1 


5. Rudder Control Derivative 

The rudder control power was computed from the rudder deflection neces- 
sary to balance an applied yawing moment created by towing a drogue from the 
starboard wing. The drogue used for the applied yawing moment consisted of 
@ conventional airpart wind sock made of canvas, with the small end constricted 
by a draw stfing in order to obtain the required drag force. The large end 


was secured to a heavy wire hoop, to which the light woven wire tow cable was 


















- a = = -. ee ae Qe a = 
\ ym > { RaPLesPRe EF vs Ww Wt tl : 
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attached. This cable was led through a pulley fair-lead secured to the after 
strut attachment, thence to the fuselage side near the door. At this point 
the cable was attached to a steel ring, which in turn was mounted on a bracket 
riveted to the fuselage skin. Four strain gages were mounted on the steel 
ring (two in tension and two in compression) with the terminals wired into a 
bridge circuit in the cabin. a ammeter connected in the bridge circuit was 
calibrated to read the drag force of the towed wind sock. The equivalent par- 
asite drag area of the drogue was measured in the wind tunnel and verified in 
flight by the strain gage equipment ({=: 1.91). ‘This drag acting at the later- 
al distance from the airplane centerline created an applied yawing moment of 
453 ft. 1b. The straight sideslip tests were then conducted with the drogue 
streamed. At the termination of this test, the drogue was jettisoned in flight 
and the straight sideslip runs without the applied yawing moment were repeated 
to verify previously obtained data. The rudder angles for test flights with 
and without the applied moment have been plotted on Fig. 9. The A5, was 
3.05 degrees with respect to the gliding flight test. Because of the addition- 
al drag force of the drogue, it was found necessary to glide in order to keep 
an My of about unity at the tail and still maintain the test airspeed. 

From equation (2)(c), the equilibrium in yaw can be written as: 


(2) Cn g oo Che, LG y iy On ,* “ng=O(with drogue) 
(2) Ch 3 - (22 tng Er, i Ch Sa 4. = ( (without drogue) 


Ag with the rolling equations, subtracting (2) from (1) at the same 
sideslip angles gives: 
a 4 is 
9 C,. Le, a3 ne Lt Sa a= 2 
or QO, 














The aileron difference, 4 ©,, necessary to balance any rolling 
moment caused by the difference in rudder deflections, AV &, , between runs 


with and without the drogue was not detectable. Therefore, 4” Was assumed 


tS 
~— 
“~ Ts me | 
equal to zero. - Se ( —— \ ey 
a &,. si Ay | 
ee cm 2 
Equation (3) becomes: 
Cn. . = = -.0010 
cr rT. 
LGr 


The importance of towing the drogue at the same power as in the 
straight sideslip tests and gliding to maintain the test airspeed can be seen 
from Fig. 9; for only 2.0 degrees of Az ywas required in the full throttle, , 
80% rated power, tow billie in which altitude was maintained. This apparent 
increase of ie from 1.0 to 1.5 was partially due to greater slipstream velocity 
at the tail caused by the 30% power increase required to tow the drogue at 103 
mph. However, a larger factor was the greater twist of the slipstream at the 
higher power setting. This effect of the slipstream, evident under conditions 
of high power at relatively slow speed, must be offset by more right rudder. 

So, when the drogue was towed from the starboard wing in level flight at full 
throttle, less left rudder was required to prevent yaw rate. Thus, the smaller 
value of /4\ Ops due primarily to the increased twist of the slipstream, would 
cause the incorrect calculation of a high value of C I 6 : . Although this 
change in slipstream effect with power could be determined by towing successive- 


ly from each wing, the simpler solution is to keep the same power settings 


while losing altitude to maintain speed. 
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With the primary rudder control power determined, the secondary 


rudder derivative was estimated by the simple geometric relationship: 


a. bc... 
i a Ng, = 0025 


Equations (3) were then solved for the side force derivative, di- 


hedral effect, and directional stability. 


All flight tests were repeated in order to establish the reproduc- 
ibility of results. 
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V RSSULTS 


The curves of flight test and wind tunnel data of the Cessna 140, 
from which the stability derivatives have been obtained, are plotted on Fig. l 
through Fig. 19. For ease of comparison, the static stability and control 


derivatives from both test mediums have been listed in Table I, shown on Page 18. 


tives, the tail efficiency factor, ry , of the Cessna 140 in level flight at 
103 mph has been estimated at unity; the m of the propellerless model, .90. 
Both of these assumptions are considered reasonable and will be used throughout 


the discussion. For comparison purposes, the lateral static derivatives deter- 





| 
For the comparison of flight test to wind tunnel determined deriva- 


mined from wind tunnel angles of attack of zero and ten degrees have been inter- 
polated to the flight test angle of attack of 3.35 degrees. This interpolated 


increment was smA&ll in every cases 


A. The Lateral Aerodynamic Derivatives 
1. The Aiieron Control Derivatives 
The predicted Ce from the wind tunnel tests as shown in Fig. 4 

was 29% too high. This is bo, eM iol on the use of powerless models, for 

the ailerons are clear of the propeller effect. Furthermore, Ref. 10, a re- 
‘port which compares the pb/2\’ values from the wind tunnel and flight tests of 

numerous aileron and wing configurations, states that "the aileron effective- 

ness developed in flight may be considerably less than that theoretically pre- 

dicted on the basis of aileron characteristics measured in the wind tunnel, 

presumably because of wing twisting and deflections in the aileron control 

system." It is further stated that one degree of wing twist would reduce 


apparent aileron effectiveness by about 20%. 


. : 
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The adverse yaw, nee » was predicted as -.000l.per degree from 
~ 
the wind tunnel test and this value is negligibly small. The flight test value 


iy too small to measure and was assumed zero. 


2. The Rudder Control Derivatives 
os ——. 


Ch, measured in the wind tunnel was -.0008. Corrected for 1, 
‘ 


a +, 


this becomes -.0009 or just 10% smaller than the flight test value of -.0010. 


The wind tunnel C, Fe was .0022, Fig. 5, and was 12% smaller than 
- ¥ 


the flight test value of .0025. A weighted correction for 7, would further 


—_ 
reduce this error. 


Values of Co. for both test mediums were negligible. 
er 





3. The Side Force Derivative 


From equation (3)(a): 





‘4 = ee JK CC i. eer 
meee” a CES oe . 
the flaps up flight test value was: 
CY = - .0080 
flaps down flight test value was: 
C a -.008 * . 
"on 


These side force derivatives were just 6% and 15% higher respectively 
than the wind tunnel OYE of -.0075 from Fig. 3. The side force on the pro- 
peller and the additional slipstream velocity on the vertical tail in powered 
flight account basically for this difference. When the flaps are lowered, 
this derivative increases because of the Y camponent of the force due to slip 
stream on the flaps. Although side force derivative is not a critical design 
parameter, it is noted that the wind tunnel test of the unpowered model gave 


a small error in “ve in the predicted direction. 


es 





\. Dihedral Effect 





From equation (3)(»d): 
~Cog = Gg, 2 
The flaps up flight test value was: 
le =  .5ao3 
The flaps down flight test value was: 
€- 2 = -.0014 
The above smaicated increase in dihedral effect with flap deflection 
is contrary to the known condition in that the downwind flap is more inmersed 
in the propeller slipstream and so exerts a greater rolling moment, tending 
to reduce the dihedral effect. In the flight test, as seen from the above 
equations, the aileron deflection necessary to balance the dihedral rolling 
moment with sideslip was the primary measure of the dihedral effect. However, 
the effectiveness of the aileron on the downwind hee in the straight side- 
Slip test was evidently decreased because of an interference from the adjacent 
lowered flap. It seems logical that this interference increased linearly with 
sideslip angle. Therefore, the aileron deflection slope with flaps deflected 
was probably increased because of less aileron effectiveness and not more di- 
hedral effect. In view of this evident blocking of the aileron, the flight 
tested Cle with flaps deflected should be re-examined. 
The value of C6 from the wind tunnel test curves of Fig. e is 
-.0010. Although 23% below the flight test value, the actual difference in 
effective dihedral is very small. To illustrate this, a small change in wing 
tip shape would cause a percentage change in effective dihedral of 30%. The 
dihedral actually measured on the test airplane was 1.3°, and not the one 
degree shown on the blueprints from which the model was constructed. 
From these results it can be concluded that the dihedral effect in 
the critical high speed region, where danger of oscillation exists, can be ' 
5 











adequately predicted from; the wind tunnel tests of an unpowered model. To 
u -e positive dihedral gffect in the landing configuration, careful calcu- 


lation will be required to prevent misleading results. 


5. Directional Stability 


From equation (3)(c) 





= C = Ch der aa Cy , J ba, 
” WF er df Oa d, 
The flight test value with flaps up: 
G - 00042 
nS = 


The flight test value with flaps down: 





tng = .00039 


v 


In the flaps up condition, the wind tunnel test C "3 = .00043 
| had only 3% more directional stability than the Cessna 140 in flight at 103 
| mph. Although this discrepancy is small, two corrections should be made. 
: First, the correction for i, of the tail would further raise the effective 


of the model to .00048. Second, the destabilizing directional effect of the 





lier would have the following effect, as calculated from Ref. 11: 


| eN (Cy a \ = destabilizing effect of the propeller at zero thrust 
j ‘T 


sii 
| ( : mW, (a8xP\ ; 

Arien 3 ha eer 2 Bada! (NN - .00006 
| 4 2 OD ; | 


To correct to 60% rated power: 
Ne \ = rd vA & * i a 
A( Chg) 13 a ( 18) a .00008 
Therefore, the corrected wind tunnel test C ,, 3 = .000K0. 
: The flight test value of C,, 6 with flaps down decreased because of 


the directionally destabilizing force of the propeller slipstream on the down- 
wind flap when the model is tested at an angle of yaw. 

















_> Corrections to the wind tunnel, flaps down value of C i are: 


+ 
Tail efficiency factor correction: 
iG) 
| Re rs . 
(Srigly no = sem »00095 
Propeller correction for full throttle: 
ras 


Mem = 7S Acre = = «-ieeto- 
fe ? 





Therefore, the corrected wind tunnel test Cig = .00046. 


This corrected value of flaps dom C,,. is 18 higher than the cor- 
a id 
responding flight test value. This difference is important, for even though 


Dutch Roll characteristics make directional stability most important in the 





high speed range, high Cn 2 greatly improves the handling qualities in the 
landing configuration. So, as with the dihedral effect, corrections should be 


made for the destabilizing slipstream force on the down flaps. 


B. The Longitudinal Derivatives 


de 3. and C 
Diy 


As expected, the slope of the lift and drag curves from the wind 
tunnel tests shown in Fig. 10 checked closely with flight test data. Drag 
polars from the wind tunnel and the flight test of the Cessna 140 reported in) 
Ref. 7 have been plotted on Fig. 19 for graphic comparison of Cy sy and Cp, : 


The analytical calculation of Cy, gives: 


= Le | ~ .O81 
f/ + 2 
| This excellent correlation of the unpowered model tests verified 


that power effects have little influence on C, and Bie. 
CN ‘ 


e 








. 


INIVER SITY 


INEERING LABORATORY 





2. Elevator Control Power 

The power effects on longitudinal stability and elevator power have 
been a major argument for use of powered models in wind tunnel tests. In 
Ref. 4, the elevator power of the Cessna 140 was accurately determined by 
steady state flight tests. 

In Fig. 18 both flight test and wind tumnel test values of Cme have 
been plotted versus Cy. At the equilibrium lift coefficient of .373 correspond- 
ing to the wind tunnel dynamic pressure of 24.4 lps/ft®, the flight test de- 
termined Cm : = -.0133. This corresponds closely to the wind tunnel C,, 5 * 
-.0128. Although the increase in Cm ¢ with power at lower speeds can be quite 
accurately predicted, good elevator design should be based on the value of Cme 
without power effects. With this consideration and the close correlation of 
elevator power for the two test mediums when le approaches unity, it appears 
reasonable to conclude that the wind tunnel test data of'an unpowered model 
is well suited for accurate elevator design. A slightly more conservative 
Cing would result if a windmilling propéller were used on the model and allow- 


ance made for ground effect of the landing approach. 


3. Stick-Fixed Stability , 

The important longitudinal stability characteristic known as stick- 
fixed stability was obtained from the wind tunnel tests by the Schuldenfrel 
method of determining the neutral point. This technique, described in Ref. 9, 
is based on the premise that aC,/aCy = Cy/Cy at the neutral point. In Fig. 15 
the neutral point has been graphically determined at 36.64 m.a.c. with flaps 
up and 36.5% m.a.c., flaps down. Methods of correcting the stability criter- 


ion for the destabilizing effects of power are described at length in Ref. ll. 








Fo light miami — effects will not exceed more one or two percent. 
In fact, from the steady state flight tests of the Cessna 140 reported in 
c: £. 5, the stick-fixed neutral point was determined at 37.6 m.a.c. for a 

glide condition and at 36.6% m.a.c. for normal cruise. 


a4 From the above comparison of the longitudinal stability and control 
‘Parameters it is seen that excellent correlation between wind tumnel and flight 


te, its was achieved. Thus it appears reasonable to conclude that the horizontal 
« - p - 
_ gtab: lizer and the elevator can be designed for optimum longitudinal stability 


; . iF 
from the wind tunnel tests of an unmpowered model. 
- 








VI CONCLUSIONS 


This investigation has shown that the aerodynamic derivatives de- 


termined from wind tunnel tests of a 1/10 scale unpowered model of the Cessna 


(140 check closely the derivatives obtained from the flight tests of the full 
scale airplane, as seen in Table I. It should be noted that the wind tunnel 
results listed in Table I are uncorrected for slipstream velocity or power 
effects and that these predictable corrections bring the values to very close 
agreement. 


These tests indicate that the rudder and elevator power can be accur- 





ately predicted from unpowered model tests, but confirmed the previous NACA 
finding that the wind tunnel value of aileron effectiveness is too high. The 
correlation of the static stability derivatives was excellent. Although the 
percentage difference in dihedral effect was large, the magnitude of this dif- 
ference was small. 
jie view of these results, it is concluded that careful analysis of 
Paina tunnel tests of a small scale, unpowered model will predict the flying 
qualities of a light airplane. 
The reproducibility and consistency of the results obtained from the 


 gteady state Plight tests indicate that this method can be used with good suc- 





cess for determining static stability and control derivatives. Also, it Seems 


advisable that this method should be used in conjunction with frequency response 





techr 


iques for the more accurate solution of the dynamic derivatives. 
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VII RECOMMENDATION 


It is recommended that light plane manufacturers consider the 
utilization of wind tunnel tests of amall scale, unpowered models for pre- 


dicting and improving the flying qualities of new designs. 
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Dimensions and description of Cessna 140 Airplane 


Airplane General = 
Manufacturer 


Type 

Recommended gross weight 

Center of gravity range 
forward limit 
aft limit 

Overall length 

Height 

Maximum allowable maneuvering load factor 
gross weight 1460 lbs. 
flaps down 400° 

Wing N 

Airfoil section 

span 

Area (total) 

Area (less ailerons) 

Aspect ratio 

Taper ratio 

Chord 

Mean aerodynamic chord 
Length i 


Distance of leading edge ijback of nose 
reference datia line 


Incidence 


Dihedral 


Cessna Aircraft Co. 
140 


1450 lbs. 


22.8 m.a.c. 
30.0% m.a.c. 
256.5 in. 
74.25 in. 


4.57 to -2.26 


1.97 to -2 ~26 


NACA 2412 

394 inches 
159.29 sq. ft. 
145.21 sq. ft. 
6.75 

2.0 


60.5 inches 


59.02 inches 


56.58 inches 
10 


1° 
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Aileron 
Type 
Area 
Span 
Chord 
Travel 
Up (from neutral) 
Down (from neutral) 
Wing flaps 
Type 
Area 
opan 
Chord 
Travel (down) 
Horizontal Tail Surface 
Airfoil section 
Area (including elevators) 
Span 
Maximum chord 
Incidence 
Dihedral 
Elevator area (total, including tab) 
Elevator span 


Elevator travel 


Up (from streamline with stabilizer) 


Down (from streamline with stabilizer) 


Modified Frieze 
14.08 sq. ft. 
74 inches 


14 inches 


22° 


14° 


Plain, trailing edge 
8.736 sq. ft. 

78.625 inches 

8.0 inches 


40° 


RACA 0009 
24.35 sq. ft. 
106 inches 
41.4 inches 
-2.5° 

0 

9.66 eq. ft. 


106 inches 


20° 


20° 
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Elevator trim tab area 
Elevator trim tab span 
Elevator trim tab mean chord 
Elevator trim tab travel 


Up (from elevator trailing edge) 


Down (from elevator trailing edge) 


Vertical tail surface 
Area 
Fin area 
Span (to fuselage center line) 
Rudder area 
Rudder span (maximum) 
Rudder travel 
Right (from streamline with fin) 
Left (from streamline with fin) 
Fuselage 
Maximum width 
Maximum height 
Length (tip of nose to tip of tail) 
Bngine (Continental) 
Type 
Number of Cylinders 


Propeller 
Manufacturer 


Type 


Diameter 


ie 


0.695 oq. ft. 
36 inches 


5.20 inches 


6° 


oO 


a8 


12.42 sq. ft. 
6.658 gqe ft. 
22.2 inches 

Se Toe 8dr. 


49.5 inches 


16? 


16° 


40.0 inches 
51.0 inches 


256.5 inches 


C 8 
mm 


Flottorp 
Wood, fixed pitch 


7h inches, 


— 
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